This review looks at the indications for the use of aircraft in medical transfers, the planning required and the potential problems specific to aeromedical transfers. Additionally some relevant aspects of flight and meteorological factors are discussed. The focus of this review is on the transport of civilians. The authors acknowledge the huge number of complex transfers that are presently being undertaken by the military. Although much of the review is relevant to this population group, it is not our intention to discuss these transfers specifically.
Introduction
Rotary-wing and fixed wing aircraft are established modes of transport for critically ill or injured patients. In 1928 the first civilian aeromedical service was developed in Australia. The Royal Flying Doctors Service was established to provide emergency medical care to Australians living in remote locations. The service now provides transport to 38,000 patients a year. Approximately 20% of these have a medical escort. The first helicopter evacuation was of combat casualties in Burma in 1944. As the benefits of moving patients quickly across large distances and from remote locations became apparent, many counties introduced air ambulance and aeromedical retrieval and transport services. Modern aeromedical transfers can involve patients of any age who may be critically ill or injured. The patients can be moved from the scene of an incident to the most suitable centre (primary transfer), between medical facilities for specialist services (secondary transfer), or across international borders for repatriation.
There are now 18 registered air ambulance charities in England and Wales, flying 365 days a year. The majority of these flights are primary transfers. As specialist care becomes increasingly centralised, road congestion gets worse and air transport becomes more readily available, aircraft may be used as the vehicle of choice, not only for primary transfers, but also for secondary transfer. Currently 3% of aeromedical flights nationally are hospital transfers, equating to approximately 600 annually. As the occurrence of aerial transfers increases, the likelihood of involvement of anaesthetists is also on the increase.
Indications
Aeromedical transfers are expensive and potentially dangerous (to the patient and the team) and should not be undertaken unless necessary. An early decision regarding the suitability of an aeromedical transfer must be taken and movement by other available methods considered. Unsafe patients (eg non-sedated confused patients, 'unrestrained', psychiatric or potentially violent patients), terminal patients, patients already in cardiac arrest, or patients likely to die en-route are unlikely to benefit. If the safety of the aircraft, crew or patient may be compromised during flight, then an alternative to an aeromedical transfer must be sought. There is no rigid list of indications for an aeromedical flight, but rather a set of principles that guide good decision-making. These principles are based upon the availability of suitable medical provision, travel time and safety. These variables are inter-related.
Medical provision
Rapid transfer for definitive care is an indication for an aeromedical transfer. If the personnel or equipment needs of the patient cannot be met by the local centres, transfer (eg to an intensive care unit) might be appropriate. Time-critical emergencies (eg patients requiring emergency neurosurgery) are well suited to aeromedical transfer. Having medically trained personnel on board the aircraft as part of the transfer/ retrieval team may allow early intervention and management by highly trained staff with specialist equipment. This is the basis of the 'mobile ICU' teams that exist around the world.
Most aeromedical services have guidelines for the region they cover to assist in the triage of requests for aeromedical transfers. Although these can be helpful, each request must be taken as an individual case and decided upon independently.
Time
The need to fly is governed by time being excessive by other methods of transport and should be restricted to those whose outcome may be adversely affected by a delay in transfer. In a time-critical patient the distance travelled must be great enough to offset the time taken for the planning, loading and unloading of a patient and the possibility of a secondary transfer from landing site to final destination.
In many countries with large travel distances, or difficult terrain, time is saved by aerial transport. Examples in the UK include mainland transfers from the Isle of Wight or from the Western Scottish Isles. In the majority of the UK, distance is less of an issue but traffic congestion may be more of a factor. However, as some services in the UK become increasingly centralised, patients with specialist needs may be required to travel greater distances for this care. The principles above should be applied and use of an aircraft carefully justified.
With their limited range, helicopters are more routinely used for distances less than 250 miles. Fixed wing aircraft transfer tends to be a more efficient process for distances over 250 miles.
The decision to fly a patient may rest upon such variables as aircraft availability, weather, and time of day (since many UK air ambulances can only fly during daylight hours). Ultimately, the decisions on safety of the aircraft, crew and passengers will rest with the Pilot in Command (PIC). The PIC' s decision will be final.
Planning
The safe transfer of a patient by air relies on good planning and organisation. Personal preparation is a vital part of planning an aeromedical transfer. Participating in such transfers as a medic can be very challenging, potentially dangerous but often very enjoyable. Being adequately trained and completely familiar with the safety aspects of aeromedical transfers can reduce much of the stress that can accompany such patient transfers. This preparation therefore starts a long time before a specific transfer and it is important to keep skills up-to-date. Such personal planning should also include medico-legal cover and insurance. As services have developed, much of this infrastructure is in place already and it is the more detailed planning that is required in the organisation of a specific transfer. Once an aeromedical transfer has been deemed appropriate, the following must always be considered.
The team
Mobilising a suitable team with adequate training is vital. This team may vary depending upon the specialty of the patient and the urgency of the transfer. For example, an obstetric transfer may require a midwife, a neonatal transfer may require a paediatrician and a critical care transfer may require a doctor, ICU nurse and/or an operating department practitioner. Whichever team accompanies the patient it must be ascertained that they have had an aircraft induction and safety briefing. Departments can identify several key specialist personnel with an interest in aeromedical transfers to ensure that adequate training has been undertaken prior to mobilisation.
The equipment
Having transport equipment that is safe to be used in aircraft and that is available whenever required is essential. It is also important for medical staff to be familiar with the equipment. Space saving rucksacks are often used to carry equipment and medics should be familiar with their layout. Potential in-flight difficulties need to be identified and equipment to deal with these anticipated. For example, a short flight may simply require a drip but on a longer flight a mechanical IV infusion pump would be required. Equipment should be dedicated transfer equipment which is tough and reliable, as well as lightweight and compact. Temperature changes can be more rapid and pronounced (see below) and equipment must be capable of withstanding this.
Long battery life is essential although most aircraft will have electrical supplies to drive medical equipment. Familiarity with these systems is essential. Whatever electrical system is available a battery will be required for at least some of the transfer, and this mandates checking battery life prior to flying. Systems must be in place to ensure that batteries are kept fully charged while not in use. Carriage of spare equipment to provide backup in case of equipment failure has to be considered against weight and balance of the aircraft as well as the space available.
Routine and emergency drugs (including those that require refrigeration) should be available to collect prior to take off. Often a "fridge pack" can be prepared and be always available for transfers.
Suitable clothing needs to be worn. Many services provide flight suits, which are lightweight and fire-retardant. Lace up boots or shoes are necessary, loose headgear is best avoided and long hair should be tied back or tucked in. Warm clothing, waterproof clothing, mobile phones and money should also be considered.
Oxygen
Oxygen needs to be available for transfer to and from the aircraft and there should be sufficient supply on board for the transfer. The on-board oxygen is usually the pilot' s responsibility but medics must make sure that there is sufficient for their needs and that the supply is turned on. It may not always be possible to turn the supply on during flight. A portable cylinder will be needed for transfer to and from the aircraft and is normally incorporated within the transfer trolley. Sufficient oxygen should be carried in case of unexpected delay or diversion. A self-inflating bag must be carried in case of oxygen and ventilator failure.
Landing areas
It is important to ensure that planned landing zones at the destination have been identified and if possible that there is someone to escort the team from the aircraft to the patient. If necessary, personnel and transport should be present to facilitate a secondary transfer.
Communication
Lines of communication must exist between the base hospital, the destination hospital, the transporting service (air ambulance) and the transfer team. This is usually facilitated by a co-ordinator, who liaises between the different parties.
It should be noted that complex organisational relationships exist between air ambulance charities, ambulance services and Strategic Health Authorities that can make organising aeromedical transfers in the UK laborious.
It is helpful if the entire team are kept up-to-date with the progress of the transfer. Updates of estimated time of arrival (ETA) and any clinical changes can be very helpful allowing ongoing planning to occur. It is also vital that all members of the team are able to work the aircraft communication system.
Problems Aircraft safety
All flight personnel should attend a safety briefing prior to their first flight. Each aircraft is different and knowledge of one type does not confer safe working on another. For example, the Sikorsky S76 Helicopter use by Northland Emergency Services Trust (New Zealand) cannot be approached from the front as its rotors are tilted and can dip to 1.8m (more in windy conditions) at the front of the aircraft. Many helicopters however can be safely approached from the front. A full understanding of how to safely approach a helicopter, particularly during 'hot' (rotors running) loading is essential. Clear communication with the pilot and crew (including understanding their hand signals), and appreciation of the dangers of uneven or sloping ground and a 'live' tail rotor is required.
Knowledge of the onboard emergency equipment and its use is mandatory for flight crew. Accident procedures should also be understood, eg harness operation, emergency door release and safe exit from the aircraft, and evacuation plan for patient/crew in event of emergency. Briefing passengers who have not attended safety training on safety and procedures is expected. Accidents have occurred in medical helicopters due to oxygen mixing with otherwise non-explosive mixtures, hence knowing how to isolate the oxygen supply (and ensuring that it is operating) is important. Life jackets should be worn for any over-water flights. There is usually an axe, a fire extinguisher and an emergency locator beacon (ELT) present on the aircraft, whose locations should be memorised.
Safe to fly
The mnemonic I'M SAFE ( Table 1) is often used to ascertain whether a pilot or flight medic should be actively involved in flying. This can also be applied to many work situations and is simple to apply. Contravening any of the criteria is a contraindication to flying. It applies to pilots, crew and other personnel (eg relatives).
Air in body cavities
Boyle' s law states that under a constant temperature the volume of a given mass of gas varies inversely with pressure. As pressure falls with altitude thus the volume of a mass of gas will increase and should this be enclosed in a body cavity then compression of surrounding structures will occur. This may cause discomfort (sinus pressure, middle ear or gastrointestinal tract) threaten eye sight (penetrating eye injury) or may cause life-threatening emergencies (pneumothorax, decompression sickness or arterial gas embolism). The medic must be alert to these problems; for example siting chest drains, leaving NG tubes on free drainage. A request for a low level transferflying below 500ft above mean sea level (AMSL) -must also be considered where possible. Care must be taken with head injuries with suspected facial or base of skull fractures, where intracranial air may be present in up to 1% of cases.
Other examples relating to Boyle' s law are endotracheal tube/tracheostomy cuff pressures which may require monitoring (or alternatively fill with saline) and IV pressure bag rupture. Additionally cast splints over fractures can be cut to provide pressure relief (bivalved) and air bubbles appearing in IV lines may be noticed.
Most rotary wing aircraft operate below 4,000-5,000ft and can fly at any height beneath this ceiling depending on local conditions and air-traffic control. Most fixed wing cabins are pressurised to approximately 5,000-7,000ft, although the true altitude is greater than 20,000ft. Sea level cabin pressurisation can be achieved by flying at a lower altitude (eg 15,000ft), although this may result in a longer flight time.
Nitrogen and decompression sickness (DCS)
Nitrogen in solution within body tissues may come out of solution as altitude is increased. In an unpressurised aircraft the risk is negligible below 10,000ft AMSL. Divers ascending too quickly can suffer the same decompression allowing nitrogen bubbles to form in such places as joints, skin, muscle and central nervous system (the bends). If a diver ascends to the water' s surface and shortly afterwards flies in an aircraft then the diver will have increased risk of getting the bends. The chances of getting the bends decreases with time after diving. The Flying After Diving Workshop (2002) held in the USA, produced some new recommendations for the Professional Association of Dive Instructors (PADI).
Following these recommendations reduces DCS risk but does not guarantee that a diver will avoid DCS. A sensible 'rule of thumb' is not to plan to fly for 24 hours post-dive. For multiple deep dives, requiring decompression stops, appropriate dive tables must be consulted.
Clearly, a patient with DCS (either the bends or arterial gas embolism) needs urgent recompression at a specialist centre in a dive chamber. Their condition would be greatly exacerbated by flying at altitude and in this instance a maximum flight level of 500ft AMSL is used for their transport.
Pregnancy
There is no known physiological reason why pregnant mothers should not fly assuming that they and their fetus are in good health. Although the PaO 2 of the mother does fall at altitude, the fetus seems to be relatively protected and there doesn't seem to be any acute change in fetal heart rate or variability. Even in simulated decompression the fetus seems to tolerate the reduced PaO 2 for up to 30 minutes. It should be noted however, that babies born to women who are chronically exposed to altitude hypoxia are, on average, of lower birth weight. Pregnant pilots are recommended not to fly after 26 weeks. As pregnancy progresses the physical side of flying may become more difficult, eg getting in and out of the cockpit, effective seat restraints, possibility of air sickness. Thus a self assessment of fitness to fly is prudent for flight medics. Additionally, general advice for menstrual problems is that female crewmembers should be familiar with any adverse effects and that if these are known to be severe, then flying should be avoided at this time.
Defibrillation
Each aircraft has its own individual characteristics but on many aircraft with modern navigation systems defibrillation can be attempted without interference to flight. The normal safety procedures surrounding defibrillation set out by the Advanced Life Support group will still apply. It is essential to communicate with the pilots to inform them that defibrillation is about to take place.
Noise
Aircraft and especially helicopters generate considerable noise. Auscultation for clinical signs, such as breath sounds, heart sounds, Korotkoff sounds and bowel sounds become impossible. However, a stethoscope should be taken, as preand post-flight checks may require one. In more modern well-insulated helicopters, it is possible to hold conversations but in most cases, a headset with a voiceactivated microphone is required. Communication with the pilots should be possible at all times but the circuits are usually separated to allow the pilot to broadcast to other pilots and (where available) talk with air traffic control. This would clearly interfere with patient management and vice versa.
Monitor alarms become inaudible and a visual alarm should be incorporated. Some aircraft systems allow the alarms to sound into the headsets of the flight medic.
Patients too require noise protection by means of ear defenders or ear plugs and, if awake, a headset so that they can talk with the medics. Additionally flight medics should refrain from repeatedly removing headsets to perform tasks in the aircraft as the prolonged exposure to high noise levels may cause temporary or permanent hearing loss.
Nausea and vomiting
Motion sickness or more specifically 'air sickness' may occur when there is continual and changing body motion. Any change in aircraft attitude, outside visibility, g-forces or speed may exceed the limits of capability of the human orientation system; specifically that between the eyes and the balance organs. This provokes a feeling of unwellness along with nausea, paleness and sweating. Vomiting may follow. It is more common in inexperienced crew or passengers and may be aggravated by anxiety. Many antiemetics have sedative properties and are not to be recommended. However known sufferers still wishing to fly may try Ondansetron (or similar 5-HT antagonists) that have been used with some success. Non-medical treatments include keeping the horizon in sight when possible, gaining further air experience (thus reducing anxiety), not getting over tired, eating a light meal prior to flight and avoiding alcohol.
For an awake-patient lying supine, (as often is the case) nausea and vomiting may easily occur due to aircraft motion and an inability to see out of any window to fix on the horizon. Not only is it distressing for the patients but also an inability to clear their own airway on vomiting will be serious. Consideration for prophylactic antiemetics should be given and access to a suction unit is important.
One particular type of disorientation leading to nausea may rarely be seen. It is due to 'blade flicker' where there is a bright light source in the field of vision but it is being interrupted rapidly by a propeller or rotor blades. This may cause aircrew to feel unwell and in susceptible individuals convulsions may occur. Altering gaze and using a sunshade (eg peaked cap) will help avoid the direct flicker effect ameliorating the problem.
Vibration and motion
Many procedures are difficult to perform on aircraft (particularly helicopters) due to the vibration and motion set up by the aircraft and the weather conditions. Vibration will also affect the abilities of the flight medic to assess the patient and even the carotid pulse cannot be palpated with any degree of accuracy. Consideration for invasive arterial monitoring might be appropriate as automated non-invasive blood pressure monitoring seldom works in this environment. Vibration may be amplified with the patient lying on the aircraft floor and pain from fractures may be exacerbated. It is vital that any suspected cervical spine fractures are immobilised. The siting of drips or an emergency requirement for intubation will prove challenging and as such if these procedures are anticipated they should be performed pre-flight. All drips required must be patent pre-flight. Turbulence (see below) can provide particularly difficult conditions that may occur unexpectedly.
Acceleration forces experienced in routine helicopter operations tend to be of low magnitude and are little different from those experienced in road transfers. For personnel and patients in fixed-wing vehicles, acceleration and deceleration forces can be significant on take-off and landing. Correct positioning of the patient to limit these stresses should be considered (eg supine ventilated patient with head towards the nose of the aircraft). For patients with raised intracranial pressures (ICP) these forces may be deleterious and positioning, sedation boluses, fluid/inotropic management and liaison with pilots may help ameliorate swings in ICP.
Cramped conditions
Aircraft vary in shape and size. All medics should be familiar with their aircraft and its safety briefing and (to a limited extent) its flight characteristics. Nevertheless, in most cases, the working environment will be small and access to the patient may be limited. An example would be the Bolkov Be 105 helicopter where the flight medic would sit by the patient' s head. The head and torso only are accessible with the remainder of the patient enclosed by the rear fuselage and inaccessible to the medic. Drip heights are limited by the low ceiling heights in most aircraft, limiting flow rates.
Limited staff numbers
The staff available must deal with any emergency occurring in-flight. These staff will probably be fewer in number than at the receiving and transfer destinations. If the numbers in-flight cannot manage the emergency then options include diverting to another closer centre or landing to allow better access to the patient by all available crew members. In these cases, the pilots become a valuable medical resource. However, it cannot be stressed enough the importance of ensuring maximum stability of the patient prior to transfers to minimise the potential for in-flight emergencies.
Distraction
The enclosure surrounding any transfer becomes a busy environment. Ambulances and aircraft transfers alike require the medic to monitor a critically ill patient constantly in less than ideal conditions. However, the view from an aircraft compared to the view from the windows of a land ambulance can be spectacular whether by night or day. The temptation to look should be tempered by the constant observation of the patient. While on retrieval, preparation should be occurring on the outward leg prior to arrival at the destination. Noise, vibration, and motion sickness also provide significant distraction, which must be overcome in order to provide maximum patient focus.
Transfer of relatives
This is occasionally appropriate, eg with paediatric transfers. An assessment of the I'M SAFE criteria (Table 1) for the relative is needed. Any concerns regarding fitness to fly should be reported to the PIC. The final decision for relative transfer remains with the PIC who must assess their suitability and check the weight and balance of the aircraft; verifying that it is within allowable limits.
Weather Turbulence
Turbulence occurs when vertical currents are superimposed on the horizontal flow of air and can occur in otherwise calm conditions. It is essential therefore to ensure that the patient is safely secured within the aircraft and that equipment is stowed in such a fashion that it cannot cause injury. Sharps should be properly disposed of immediately after use. Flight medics should remain in seats wearing harnesses unless it is essential they are removed and advice from the pilots should be sought prior to doing so.
Humidity
While a high humidity may affect flight crew and patient comfort, its effect on an aircraft is to reduce the load it can carry. The greater the water content of air, the less its density (compared with dry air). Aircraft performance will be reduced as air density decreases and helicopters are particularly affected. Performance is reduced on a hot day but particularly if the air is moist.
Pressure lapse rate
A given reduction in pressure with height is known as a pressure lapse rate. The pressure lapse rate in warm air is less than in cold air and does not fall linearly. Nevertheless in the lower atmosphere the average pressure lapse rate is considered to be 1hPa per 30ft. Flying at 3,000ft AMSL therefore the pressure will be 100hPa less that at sea level. To make calculations or anticipate performance a set of averages referred to as the "International Standard Atmosphere" (ISA) states that the pressure at sea level is 1013.2hPa, the temperature is +15°C and the temperature lapse rate is 1.98°C per 1,000ft. Using these values the pressure at 5,000ft will be 846.5hPa (a 16% reduction). By Dalton' s law of partial pressures, the partial pressure of oxygen has been reduced by 16% from its sea level value. In a sick spontaneously breathing patient, this reduction may need to be corrected for by increasing supplemental oxygen. In a ventilated patient where the ventilator relies upon air entrainment, a similar adjustment may be required.
Temperature lapse rate
As stated above the temperature lapse rate in the ISA is said to be 1.98°C on average. This is highly variable and temperature inversions (where the temperature increases with height) can occur. Thus as in the example above at 5,000ft the temperature may be 10°C cooler than at sea level. In winter months this may mean freezing point or below. While maintenance of the patient' s core temperature in these situations is vital, flight medics also need to remain warm to avoid lapses in concentration and possibly air sickness. Cold hands do not help with writing and other routine procedures and in the event of an emergency, intubation and cannulation with cold hands can prove impossible. Most aircraft have heaters and the pilots should be asked to turn these on when cold conditions are anticipated. Warm clothing should also be carried.
Flying Flight rules
Broadly speaking aircraft fly under two sets of rules. These are the Visual Flight Rules (VFR) and the Instrument Flight Rules (IFR). The main principle of VFR flight is that the aircraft is flown in weather conditions that will enable the pilot to see and avoid other aircraft. There are many criteria for this expressed in terms of visibility, distance from cloud and distance from cloud ceiling. An aircraft may fly VFR at night provided the visibility and clearance criteria are met. Should visibility and cloud cover not allow VFR flight then generally flights must be under the IFR. A high degree of pilot skill and concentration is required for IFR flight as a natural horizon is often not available and without proper training disorientation may occur. Distraction of the pilots under these conditions should be avoided and therefore a general rule is never to liaise with the pilots unless essential.
Air accidents
The benefits of aeromedical transport must always be weighed against the risk of death for patients. The overall risk of accident-related patient death in Australia is about 1 in 50,000 helicopter missions. It is not known how this risk compares to other modes of patient transport, such as road ambulance or aeroplane, and further comparison is required in this area. A National Transportation Safety Board safety review found that weather posed the single biggest danger to aeromedical transfers in the US. Modern aircraft even in the event of an engine failure can be safely landed and commercial pilots involved in aeromedical operations are usually regularly updated and refreshed on common emergencies, either in real time or on simulators. Simulation can involve emergencies which have never occurred on the aircraft or that are impossible to carry out on the aircraft (eg loss of a tail rotor on a helicopter).
Summary
Aeromedical transfers can provide both challenging and exciting parts of a medical career. The confines of the aircraft and the lack of available help for problems means a high degree of skill and autonomy are needed on the part of the flight team. In inaccessible places or where large distances need to be covered with speed aeromedical transfers provide an invaluable life-saving service. Air transport is regarded as a safe option for critically ill patients but it is up to the crew to minimise risks. For flight medics this would involve being fully conversant with safety procedures and complying with pilot instructions. Additionally as the clinicians requesting patient transport, one should always consider whether any potential benefit to the patient is greater than the risk of the transport itself.
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